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>h> £$«. 3&ffl!l©y^>GR*/h3 < T£C £.$C*fc 9 
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ffl iEiJffi a , «>h 3 < t *>■?£[»)© y-f>GL^A'J<t 
*C <fcJcJ: 0MiE*aa. < t£, C©MiEi)I©£ 

01 5KiX-yiLtiUk. 
[004 5] ^f- v7"228-C«. yi^34lfc^ -<> K 
f®^©fe&©ffliEiJSa» . a y iM^XMrMMl 1 £ 

mmwmt ^vmumsv, gigs.* z> . 

to 0 4 6 ] * ? -/2 1 8 x-^mm&z ns 

1 0 ©*jl V $$»IR .*«: . C ©mil V Kit. U r . 
10 S*f©ti8iEffia, * . a, ' (Xf7 7'2 3 

2. 01 2#M) . ^(MA(CIt.D/cS«©y-<>G 

l. GRi-yt«rs cxf-»^2 3 4) . rttt> j o. m. 

8S*i£* - ^B-c4*4^Nv3 1 » ( Mi& A *^ ) £ 
^ajtetfiUMi i *><&Micft1ztzm&ii i $bMcto, « 

3 < o (0 1 7 ) fr-om\cy/4 >g l*a*< -rac 

iJCfcfJWiiEiiSa, ii^<-TS (01 8) . ^©x^ 
5-V2 3 6-C«. ^^nfcfiBiEfflcf, ' . a, ' S6 V 

20 £©MfiE<a.«r. ^3tifc^^> KM 

8) . 

[0047 ] ±aa© J: 5 KVPHBttMlRVt n 
Xf-^7'2 4 0-sji*. ±S^.f 9^62 0©}t 

5fetfi|ilW?riSIS»r5. 3W)Xf? 7'2 4 2f. 03 
2(a) JCnxT J: ^ K, JfetfltPS©^ 5 >7'© J. 
30 y*-WfflP, (X, . Y, ) . P, (X, . Y, ) Z 
®m&. C©ffl««Y., tt. ^72 4 QVffim 

m 1 4 0 R . 1 4 0 L<DY#ft0A±ttS4> YffifiMBi 
»Tffe«©YE*:tf{ifii©¥«-C*9. OgMfiBX , . X 
, 5i. IHJSU4 0 L. I 4 0 R©X A|Sj©ffi«fir* 
•5„ ^©X-f - -/ 3*"2 4 4 vmn&X, *»6tt«ttX, 
M^tr^C £fCJ:9Pf'-Jl/-7>y©x y y|ffl|^«x. 

40 £IC&*) f-->Uv>^<OX v i/fybfaWfih K 7 5 5 - 
©(4g. *9 h5-f>©®4>!!?* 

4^5 K7 5 .9 -©«T*fitlB*-e©Y#iai©«a* £„ £ 
ccr, '£^aEi^©J:^<CLrJK«f)fc4)©r 
AS. ?**>%■. ^ia©3efflmcC'Xv-C. ffiO©pX9 
SV|»tx f if— *5>^©*»y«M>fiMtP, . P 
, K 7 S ^ -©f<TSIi(4^S r©Y*|fil©Kig| t „ 
<L©tt£iPMb/c<!: C S. ( 1 ) 5t(C>frr«fc ^JCBS-g! 
©tt. 0. 5 5*<#6nfc«)©-CA4. frfc. C©<fc0 
5C^ -^-5>^©x •» Jxiti,C.(4S ; &«-SSI<t 1>X FT S 5> 

so "©®T3M$-c©Y"/jisj©?eii£„ ^^a>rt^© 



It 

at. Tv*jf 2 2vmmmzm£hxwzti*ftn 
WMomu b xmmmm® k 5 ^ ^ - & <* < a * * 

<fc 5 K f 3 fci6B2gCiS^|!g^fl!j(cSJtj ti iff— •> 

x„ /e„ =0. 5 5- • • ( 1 ) 

#©X 7 7 72 4 8 V . 7-.>U7 >7"©X 7 S^'lXAK 

->-©jnaffiY„ 

[0048] C©J;5(£. $31&<>^©[lllM©ffi&(,> 

[0 04 9] ftfc. *Htfi^Ta, ±8eHl 2©|«(fc& 
iiKv y Jt bxm&L. m 1 7©Mfli*£G R v 7 7' 

t l riste l. ii 3;<Dij0tf.«*G r v 9 £ c rf ate 20 
i/. @i8 ©B9il4iG L v v t, riate t . ia 1 4 

©!«{*£ :ffG L v 7 7£ ItaiSltl,^. 
[0050] $fc. J;32fi^WlJ-et*A^fcJg^{C 

[0051] ^fC. Xf ? 7*3 0 o*»nfc»wr4. 
*7 7 7*3 0 0 fct. JR^/c K7 5 ^-CDdHdSYn (Clt> 
CXtfy b54 >©&S*£R? & 7 jr* x~* &$IJ 

[0052] 5&r, * 7 7 :/3 0 2 "Ca, ffittffiY. fc 30 

x-*4 0©*j®fflDEG t &$mr$. m 

20{Cml>1c& *> ICM^IJ . I- 7 5 -5 ~©&"F3f! 

(»Yi«i ifufflii d e g, mmwm dec* t 

(Omtf&v --? A>Xtbh-? 7 -J t L/TR OM5 2 (CSStt 
t/Cfe9. C©JS^fcSY„ fc&fCifillglfigDEG,. 
Hrrc£<c<J:-»)tt£¥&. ^f/-/304t. .life 
©* *©0i«ffiiXo *>6j£«J©f— JU?>:/©x yfi)r 
a©'&ttfgX, *$[JSttc©&IMflK:@2 Uc^fJ:^ 

fcia# e zmm'z c tec* n YHfao$m& Y4*e6 io 
y„ *««csii©* » i- 9 -f>*HiKc*fi6-r*7 * * * 

x- it 4 0 ©JHJMifi D EG, *KJ£L T 4> . IS 2 1 . ® 
1 6{C7ivLfcJ:^{t*lk-te(^r{J:&{i©*-> l>-7>f>7 
2A^/cWIl>TI,^Cii!i^. ^7 F 9 
©£lfl©h*7S?-£H«94T&W&#&S„ lot, & 
ffl©* 7 h v ■< > 7 2 *Ttf H»*ife©EBSffl 
X 0 *>e>&ffll©-7-Jl<5>V'©JsgffifiiX 1 ST©YI^ 
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o-Ct»5»^KttC©«iffl«tfbir. StffiSY. iC®-^ 
t >T 7 i> :£ — £ ©3ilJ'(Dfig D E G*^3a!i)-ia5*JE!3 

[0053] ^©^ ?v~/306x\ mmm y„ a 

Y%M^tfcfflY 0 ' #©*7-*7'3 0 8-C. 

fH Y„ ' «rSJC£(l!iJ©* ? l-^-f >7 2 MWcMOSt i> 
7^-7 i x-iSf4 0©$i]iIfiSDEG, «r«JBf4. «± 
OJ:^7^»«-»4 0. 4 2©ifilMiBDEG l . 
DEG, aigSgStlSi, »fv7'3 1 Of. 8t]i 
3n/c7;7^.aX--^©$IJ{Sl(ffiDEG, . D EG t (C),o 
D X 7 if * *x- jr SCi (C J: 0 „ 7»#* x 
- ^ 4 0 . 4 2 ©iS* «A £«Mr I, * » h ? <<> 7 0 . 
7 2 «r3fe1f tS© K7 5 7 - ©^TSP's^glit. 

[0 0 5 4 3 C©J: ^(C. ^ilfiW-CfS:, TV^y?? 

RWiBOJIS'tt'tafi DrC ©$^i2^ifflJ|S^^K u 1 3fc 
ffSffi&pSSLr^o. 7— Jb^ > 7*© j: 7 V «*>.C»ftaiBJ 
©SBMx„ 5C*-r?tvT H7 5 7-©ftTWfil[B4rttil](/ 
X . C ©(4.12K^9Mfc:!(©Ffl?? 5 <OX-b 5*^7 
-f>70, 7 2*(4S3iiri>S/c4 , ) t ^? Kv>^'© 
ffiUHWH ^Tttf $P 1 1 © K 7 t <- (c ^ U 7 4 ^ A «c 
t * * C t AS-C 3? . C titC «fc Mfl-WfiBD 

**ct*«o ?v4>*~omm#m±.b. &tm\ o©^ 

[0055] mzmtomzwmtz. m mmm 
vsmm i oomii<Dmm>hffir&ffi*wmvxi,>z 
mzmi&mxtt. mmm\ i Aimn&oxna^ 

[oo56] -X'<c. mmmmomnzmwi -s. 9t 

>b. -N7 H ; 5>7 , !8 > 2 0*.'fi*jat-t+^<t. )VfSED$ 

? >©^ -7 7 7 4 o o r »^i$P9isitt 

*7;u~*> (H2 3#JS) ^Hff$nT5fetf$i*o 1 1 
*W3hS. C©*tfS|$Ml 1 ATOStiSi^©^ 
7 7^500 (Ctel»T. *][filSM© /<-©7^* 
^> fcfcttffi? StfrrjW-*> (H2 8#M) «tr3 

c©7^^>h*sttm3nfcfs. ^©xfr; 

6 0:ot?. B3*$W/7^-7> (@3 1 #Rd) 5CJ:<3 
-7 8. 2 04B27tiWI®Gr^:/U-?->4*? 

[0057] ^«:^7 7 74 0 0 S 
•3*. *r 7 74 o 2 -ca. ^KSfgJia^o/cjtetfJttWffiai 
(B8) (Cfct«^f i.7*202*6Xf »-/ 
2 0 8 £V&mm ZV7>l'--*>Xi!o2><, i'tit)*,. 
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x y v&zm&b . / n 7 gfj^^tf o r . iS.miSft<3 ft 

M88 I 2 2 <D&lgKCi9 r > i&mm 1 4 2, 1 44 

(0058] #©*■?- 7 ?"4 o 4 v<t. x&tci&mm 
14 2. i 4 4<oxm»p, imt?z>itmm<D®-& 

720 8 #M) 4M.#JR.&. 

[005 9]*C. XT-y^OBiCfcUt. A, SA 
*A, *>§A>*«£b. XBt2 2MIHEiBtt&fGe3 
ftfc W&tiC «. $W 1 0 0W.mv tmfrM ■» T ( * r- » ib 
7"40 8) , A ) OtCtol,>XM&m*>tcM 

mvtCfoC tcmmWi®!8iffi® W„ ^rSSrSZ^- S/ci6©iS 
«*§5©{4S£WiaiT S:&(i©MEi)a a» 0 

0***<ls. iSji^t-?0$5^h3< -rS (02 4 # 
flfl) . C©J4liSf. (ftii^tr«$©*^i|IPoi2^«W 
,o». $iSMTn*©*ft£9fcJ£<&*. 
[ 0 0 6 0 J 'X<DZ? 7 74 I 2 r». TPfUf 1 3 0 k 

[0061] M^f» 7-4 0 6 rsjenjeatisA;. 

1 4*C*a» ! C, A>A>S*©»£Tjiif8 

- ~mfr&t> - ^Mfrzmm? p^IaI©*** 

VfcS&WKor 0*^7 7 4 16). gk&RofctttfV 
Uf';7'4 1 8. 02 4#flg) , ;XOXf-^4 2 0 

mm®n%ma„*®%.*ztcWDV4 >gr. 30 

St (02 5#H«.) . ^^4 2 2Wt. 
ftMl&lUCMi2sSI$f iiW PO *f$S1 .5fc«t)Oi5fMi[tg(D{4 

7-4 2 4 r«. fc«3ftfciim«a„*jBi»Tttifin&m 
1 1 A*®mm?mmm&tmw, 0 mnisx. $ 

[0062] -15. Xf-^414 •CSS-WSES ft 6 
£ . - 738 £ h & b"tX-r 7 74 2 6 ^jt<& , $M 
1 0<D$jiV?:iS^^S. <XiC. M&M-oicW.m 40 
OT. JtEfiSe,, • ZikJZL (Z?y?42 8. 02 4 

. m®MAicmotty<(>GR<, u 

7^7430. S26#R8). 'XOZf-v 7'4 3 2 1? 

laSHfam OBJECT (Xf 7 7'434) . *JU-?-> 
Saw*. 

[006 3 ] fete. #3SI6W-C«. U2B2 4<DNffl% 
®tit-7y?tbX$&&U 02 &©BH**£GR*» > 7 SO 



WP7-3 2 936 

14 

i>r*>4, stc*? 7^5 o o mmm#itz>.- ±m. 

7"5 0 4 -N.jt&. AJM1&X&2> 4 A -*? 1 2 0 (02 
9(1) #JS) $2|IOT*. ftlSuW©^ 

(ftgJI'ttfcft. <fX-.5?l 2 0©F?r£©bSWffl (fflA 
«. B^43©t'-^fia©9O%0fi() «±cDfiHlDt*i!«f!« 

^ (0>j^.«. 7--$ l ) . b$xm*ffi(om$*tm® 
mm. -r^fo) tLX2mit?z (029 (2) 
MS) . -m. tmimmmzmim wmmmt. 
3ii)8ioiBL.. apfl^-ic-rs u?7?50 8) . 

^-fet>^. IWMC-J^TJgWil^O^-C^Slli^L.. J> 

nmw) m< mn&mt. ctitmctmmmzw® 
MiS4©^wsii7>©fa/iNfei!!ii!a4^*-r-2», 

[0064 ) ^©X -7- y 'J 508 tW. C ©fMfeaiy 
tifc^ « ©H^M«i(c*f h x *) > iff & ( 0 
2 9(3) ©t?# 1 ~ 3#fi8) . *<C. ^7- ? 75 1 0 

{ctet>-c $ k y >.?3ti&&4 ©w^i«((c>Pt truism 

teJctC^* ft S&MSfc© X ($tiffl& Y ®affl/-5> <E. i^^t -c 
fflfi{3:iW<!H^(C^*ft SS^Ii^gtiil'^C i 
K«fc.«)SW*T*4.. C©ii-&. 02 9 (3) KwUcfc 
^JC. tf# 1 ©iWfiB«cW.«-C# (X, . Y, ) -C*-0. 

auras, mmtt. n&2<Dw®mm>m (x 
, . y, ) . fflffls, n®3<D«mmm&® 

(X, . Y> ) . ffifflS, XibZ>. 

[0065] ECt. iiri? . *t(fU$ii« 1 1 A 1 it 
©^7 K5>^*«At*»D. Wtfll 1A*5@IBW 
1 0 'sfflttTMWGfcXI*. BS*¥yjfSl(c 1 *tr*>-3W 

i!a!crc;c/cB»rsrafi©i!3$^«b urmfiKSft*. t*^ 

X. rX0Zr-?7'5 1 2X\t. m-b(0m®&W®L < . 
X^ffl©SBSt^l«Mfel}Jpi3©^ 7 K-7> 7fiHPS4c5c4.Ec; 

1A©^7 F?>7<Dtmffl$k-?&. C©^. n^ffl 
^7A#0@#& (02 9 (3) #RB) . 
[0 0 6 6] *fc. ^7 K^>7«ifi^je(iij©(S(,>teg 

KffiJtas ft x te o . iiiss^^'ff ^©McjEfri u/c-^ 

7 F7V"/4>60j£t, »HW**^JK»3ft*. 
r. *t|S|ifipi I IA/j<»tSi*ic«. -fy-^l 2 
0{C. ^ i. K-7>7>P,©iUS* (fWMfeJi^r) ©T# 
Xfr-mffliiM (8gM) (cij«M*tA s »5fiK3n6c4t<:^ 
-So c©fctf>. 9HR«^7<0TMta9iMK« I ff&1'ti 
5*. .iS05ftS-C«r&l$M I l-A©ff.ftJW8»T**. $ 
fc, C©iWM«©^^t^«88ffi©tt.ffi(ctS(;Tmfe 
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£. wnttvkmtmvtt. \%i<D^* f?> 

^6©£Mf8Httfel>TK£LU 1 ^©IHM««R 
(M2 9 ) . * /c. M?c^t788ffij©Sfl*^#iS(,»Jfi 
6tC|£. l*f©*v? K 7 > 7*>6©S'< <D%i>WmX!lx 

< 1 ) #JJR) . ISoT. &0*?»?5 I 4tiJ. &ttJ 

?hAi»iWli 1 A«>«.HWftJrt ©W. 

©n^M^^D-r-2.f!fJ^^TAss>^i®^{C^(6)$Wl 
1 A©-n -> K v > 7&'mi/$|G|*Pf 1 1. A 10 
tmmz>. S2 9©«^, W»<7A 

mm i . 2©wsc> (##3 ) © 

#l5EtC«t0^^TA**t|Sim?|l I A©^ v K-5> 

74 i/omrsc i{£<fc mmnm i 1 A^??/±*ig 

IShrS. */c. 13 3 0 (2) JC/nUfeJ; 

mm® mm e, 1 > ©#£(t j: 0 mutt's 7 b **risj 

igSl 1 A©-v? F?>7£l,Tii»SciKJ:D*r 

tmuist tihfrbffliLt&yttc <fc o rram. $tt#* 

w^ric ©to*^ r <c *ut.-r awHttx u9ma 
[0067] c © j; 5 cc l r»iai inw 1 1 a n 

Si, &©*f- ?7*5 1 6(Cfe(,»r. ^7 F7>^X7 30 
i-"tM>fl*P. (X. . Y. ) , P„ (X, . Y. ) & 

MIMY, ». X7 -'/-/5 J . 4-CMMSPfl 1 i\V>W±*. 

wmm u h htcwmfa<Dmt>w\<D&® 1 

4 2 R, I 4 2 L©Y»|trj©S±(AS©YfmiffiiiiST 

te^©YMiia4©¥J4i(i:fiT*o. seax. . x 

„ 1 4 2 L . 14 2 n<DXM>l<DmmX'Jb 

6. 'XOXTvIS 1 8-C. «MffiX t MHIX, 

5 c i KJ: 0 . y k v >7x ■> ytwagjix , 

£©X f^520T. Bfttx., tG&Bcfl %m 40 

* ) *>6* » h 5-<>©«tW* i/^flU|-C*« K9 <f 
^'-©T^;H'{>hA*T©Y^rfij©SB8|e„ 

T H©iT©Y*|6)©»c, t©fcb£»£L 

fciC5, ( 2 ) ate**? J: <tH8-5E©CiI. 0 . 6 
{9^n/c^©-CS>S. «cte. C©^^? K7>7© 

v y*>t-tes*»ae<t ttr^iS)«©Bim©jgii!i so 



*5Prfff7-32 936 

16 

mmmt ox k 5 /<-©r •< * -/ > h a $ x<r>w 

M*Jag?U-Cf»6tiS*Hfi)iBP©tS^<t t r a^- »V* 9 
^©fiZSA^ ^ S S 19 ^ K -5 > f -S C 

utx-ste^frhx-h*} . jim*©«fflw©^^{c$3^[fi] 
*©^©{gjateHA»6 f 5 ;<-©7 * -f > I- * r 

x„ /e„ =0. 6 • • (2) 

^©X-^ 7 7' 5 2 2 1, *frSim^©Bi«a©^«!l(4S©li 

mmy> zmntz. comm. «. iws«'<7©y 

7©Y&isiiai©-T-^ffl-c*>i> 0 -rum. mnxm* 
mttmmzQ (3) (Gmrj:^{£. ^sixp^&iitM 

BY, tommt. m&xmivxnmmmmzft 

<tl?H<D YBipS©¥^fifi© W-&M1}> h h tl s „ 
:X©X r » 7*5 2 4 ■ t? . C ©jllf fifi Y. fCgggl c . «r«0 

mr-s.c i fcj: 0 7 -f di-f > h A©tes©®a<i y. £ 
[0068] c©j:o{<:. tj-js&vm&^&vmmic 

TV*><7 2 2(cJ:0ia^Lfciffl{«( (^^-y) Met. 
*a©<H««**Wl/. Etc. c©M«l«htT*»6T»«: 

■icMmmv^y ir^y-ftmrnox. *m$m*sm 

ux^z. c©J:^{c. xmmwixtt. iifaBfflx&z 
[ 0 0 6 9 ] * 7* 6 0 0 *l»CSiO^^„ 7 

-< -y > b (ommm y . a^uj 3 n/cts. ^ > f 5 > t* 

il. ^6 0 2 *>6Xfv T'B 0 8!Cfel,>T, iiufli 

©5t'<-r$FiO© F 5 ^-fC if V 7 %^x.ft(, > <fc -5 fC-v „ 
Kv> 7©Be>£«r{|il]{aif SJJiII U f 7* 3 0 2 X 
f- v 73 0 8) tmmOWM&'fT^. ffillffiY„ RO'Y 

, - L&m^xzftzmf&vztimRv&motj * 

F 7 >*l)il{C^ft;TS7 x - 5r 4 0 Mil D 
EG t ROD EG, €19361^ 775iOTftt. 
®1Z3tifc7? : f *x—}'<DmwmDEG, . D EG t 

»X-.jf4'0. 4 2©i!g3fe*A^8>jU*7 H5--Y>7 

o . 72 %m»mme> v^a ><~©7 -r # h a 

[0 07 0] c©J::^«c. *ti*i*w©F 
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tmmWv A > tf * S #. 9 Fi> -Y > 7 0 . 7 2 £ fjffi 3 
tt& J: 5 (c 7 £ ?- »• x - 2 &mWt It. l> S fctf), «\ y F 
7 > ^©fls^ffl^^rfnmpa l l a© f 5 ■ * ><- to * u 

9]tEUHffH'tf£*si? K9^'«~®nMfcHlLkt>. an* 

o©^> K^>^Ki^®aii«c3fe©jiaw^ms. 
[0 07 1 } er*. ±ganifi(?j^{i. -m^Mcx-yx 

U T & J; C >„ * fc. ^ -y F 5 > -7*©36 fcifflBft'T * C £ to 
[007 2] *fc. ±g@S»«X!{t. M|6j«liMa«» 

©r»^l«K#&:r s*(Bi)atf tc j: a iMS8fifeJi-e*tf -r 
[0073] jc/c mmmimc is^xmm?- * -c& 

SjI88©fi|g©:r--£to. ¥ltt-CA'0(fr®a€>'9 -f >*i 20 

*pi©?iiw«:».w hnfcmm^mi uc £ *© 9^ * 

nuterca -,-c t . wnftftfrattttstorr* t tx- 
*/c. c©^-*£»-«9:->s2tgu mm 

Z> t tic J; T . K9«f '<-©3ft^K «fc*tgiSMm:t 
[0 07 4 3 */c ±M©*t6WTi*, fiilTV^y^ 

to £ &reMHfe*&&fTJ$w^? — iu 7&c>'*»ifiim 

ft(C|Sg6fr64>©-Cft<. MiLlX. #7~CCD2?£<» 30 
*/ciiD(8OT (*5^Ut) -CfciHrajtSfcl/tfe 

v^yRU^ 9 K 5 > -/©J. 9 ^«P^ffitSa'*«MHrS« 

tc7b»T0m(/^4f. cn(cK6n^.4>©-eft<. >u> 

#©r-^l/-5 > •7&V'\i> K •> >^©/S^H8!l©{i®?r 

[ o o 7 6 3 r/t. ±8Wi ftidircer.. 5tetT<iP»© 

F7 5 ^ -©iaTSi5(4S*7—Jl'9>y©.t. ? ->4i^f>l[ 
S£»$to*&Tt,>£#, C*i{C|!K64lS4>©-Cft<. 40 
1 9 i?©«±aaiXK«T(iiS%ISSi 1/-C & J:<,>. ft 

vit. m>mmmm<Dmm&m^mum(D f -y ^ 

— ©T -Y -f > h S T©Biii£'N ■;, p ^ > 7'©x 9 S^tfa 
'OfiUE-^SWtc^tt&rc^.^ c ft5tpit£>*i3 &©"Cft 
< . x -j i?©«±(4«X««T.ttBfe«« iltiJ; 

<,>. ftte. cotffdtct*. e©ffiis^?*6igtojst>-c 

( 0 0 7 7 3 *fc. m 1 Mf*Pf© K v 4 so 
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*-<m l xv ur^^xt^mmic-o^xwm u. $ 
^^ftc^jjUtc-x^T. &**tM*iafflsi>it&. c 

tUCKB^n S ©Tft < . 5«f SHlttmA*if «> V ? 
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(54) Title of the Invention: HEADLIGH ILLUMINATION RANGE CONTROLLING 

DEVICE 



(57) Summary 
(Purpose) 



To extend the headlamp illumination range without causing glare for the driver of a 
preceding or oncoming vehicle. 

(Construction) 

A vehicle recognition region is set up in order to detect a preceding or oncoming vehicle. 
The central points P„ P 2 of the edge of the tail lamp of the preceding vehicle, or central points P a , 
P b of the edge of the headlamp of an oncoming vehicle are detected from the vehicle recognition 
region, and based on distance ^between both positions P b P 2 , or based on distance x,, between 
both positions P a , P b , said headlamp is controlled with an actuator, positioning a cut line in eye 
point A (Y n ) of the driver of the oncoming vehicle or in position Y a of the mirror in the lowest 
position of the door mirror of a preceding vehicle. Because the actuator is controlled so that the 
cut line is positioned in this manner in the eye point of the driver of an oncoming vehicle or in 
the lowest position of the door mirror, this makes it possible to extend the radiating range of the 
headlamps, without causing glare for preceding or oncoming vehicles. 

[Figure (a) and (b)] 

[page 2] 

Figure 1 

(Scope of the Patent's Claim) 

(Claim 1) - 

A headlamp illumination range controlling device, equipped with a boundary line 
changing means, which changes the boundary line between the illuminated range and non- 
illuminated range of the headlamp(s) of the car itself; 

a picture taking means, which films the region in the forward travel direction of the car 

itself; 

a detection means, which detects the position on the outermost side in the car width 
direction of the tail lamp of a preceding car based on the image filmed with said picture taking 
means; 

and with a controlling means, which controls said boundary line so as to position said 
boundary line in a determined position, determined as the mirror position when the rear of a 
preceding car is recognized, set in the lowermost position of a preceding car based on the 
distance between the positions determined by said detection means, or below the mirror of a 
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preceding car, when the rear of a preceding car is recognized, set in the lowermost most position 
of a preceding car, and above the tail lamp. 

(Claim 2) 

A headlamp illumination range controlling device, equipped with a boundary line 
changing means, which changes the boundary line between the illuminated range and non- 
illuminated range of the headlamp(s) of the car itself; 

a picture taking means, which films the region in the forward travel direction of the car 

itself; 

a detection means, which detects the position on the outermost side in the car width 
direction of the tail lamp of a preceding car based on the image filmed with said picture taking 
means; 

wherein said borderline changing means is controlled so as to position said borderline in 
a determined position, determined as a position below the eye point of the driver of an oncoming 
vehicle, and above the ground position of the front contour of an oncoming vehicle, or below the 
eye point of the driver of an oncoming vehicle, based on the distance between positions detected 
with said detection means. 

(Detailed Explanation of the Invention) 

(0001) 

(Sphere of Industrial Use) 

This invention relates to a headlamp radiating range controlling device. More 
specifically, it relates to a headlamp radiating range controlling device, which controls the 
headlamp radiating range so as not to cause glare for the driver of another preceding vehicle or 
an oncoming vehicle when the car itself is moving in the forward direction while the vehicle is 
traveling. 

(0002) 

(Prior Art Technology) 

In order to increase the ability of a driver to see in the forward direction, for instance at 
night, headlamps were deployed in the past on the front end of the vehicle to provide 
illumination with a radiating range determined ahead of time. 
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(0003) If there is no car whose the light beams are obtained form such a headlamp and which 
travels in the same forward direction in which the car is traveling (hereinafter referred to as a 
preceding vehicle), and no car is traveling toward the car in question (hereinafter referred to as 
an oncoming vehicle), the beams can provide illumination within a range covering a great 
distance with high beams, or the beams can provide illumination with 2 low beams, which is 
provided for traveling in urban areas, so that switching between high beams and low beans can 
be performed manually or automatically. Although no problems will occur when the beam 
illumination covers a great distance and no preceding vehicle or oncoming vehicles are present, 
an unpleasant glare can be caused is some cases for preceding vehicles or oncoming vehicles 
within the headlamp illumination range when preceding vehicles or oncoming vehicles are 
present. 

(0004) In view of the problem mentioned above, the headlamp device mentioned below has been 
proposed such a vehicle (Japanese Unexamined Patent Application Number 1-278848). 
Specifically, the construction includes a cylinder, which is supported via a pin so as to enable 
rotations, deployed on an outer frame member, fixed to the car body; in the construction of a 
headlamp, which is linked and integrated with a roughly elliptical reflector and has a roughly 
elliptical shape, having a first focal position and a second position, wherein the first focal 
position is in the position of the light source, and the second focal position is the focal position 
of a condensing lamp; 5 light receiving elements (picture taking elements using a CCD camera 
or the like), detecting independently the tail lamps or headlights of each traveling car 
corresponding to the distance of the car itself from a car preceding the car in question, divided 
into 5 regions in the forward direction. Based on the output of the signal obtained from these 
light receiving elements, the cylinder, centered on the pin, is moved in the upward and 
downward direction with a step motor, which moves the optical axis of said headlamp. The 
construction also includes a light shield plate, which independently restricts the illumination 
projected toward an oncoming vehicle. 

(0005) With a vehicle headlamp having a similar construction, when it is determined whether 
light from a tail lamp has been received by a light receiving element, for example by one of the 5 
light receiving elements during image processing operations, the optical axis of the headlamp is 
successively moved in the upward or downward direction by the movement of the cylinder via a 
pin driven by a step motor in response to light received by an optical element, and because the 
optical axis of the headlamp of the vehicle in question can be adjusted when the tail lamp of a 
preceding vehicle is normally input to the intermediate position of a light receiving element, the 
photo zone is aligned with the position in the lower part of the lower contour of a preceding 
vehicle. This makes it possible to improve the visual recognition capability of the driver in the 
forward direction without causing of glare to the preceding vehicle, which is securely prevented. 
Also, with an oncoming vehicle, because the radiating of the headlamp toward an oncoming 
vehicle is restricted independently with a shielding plate, glare will be securely prevented also in 
this direction. 

(0006) 

(Problems to Be Solve By This Invention) 



Incidentally, when glare is inflicted upon the driver of a preceding car, the headlamp is in some 
cases shining on a door mirror or a finder mirror mounted on the preceding vehicle. In addition, 
the eye point of the driver of an oncoming vehicle is in some cases subjected to this shining 
light. Therefore, unless there is a headlamp emitting this type of illumination, no glare will be 
inflicted upon the driver of a preceding vehicle of or an oncoming vehicle. 

(0007) Also, because the optical axis of the headlamp can be adjusted so as to always receive 
light of a tail lamp of a preceding vehicle in the position of an intermediate light receiving 
element with the vehicle headlamp described above, the range of the illumination provided by 
the headlamp is created in the lower contour part of a preceding vehicle. Therefore, if the 
illuminating range of this headlamp is to be limited to a range that will not cause glare for a 
preceding vehicle, the illuminating range of the headlamp will be excessively restricted. 

[page 3] 

Because of that, an optimized radiating range will not be achieved for the headlamp radiating 
range of the driver. Moreover, because the radiating range of the headlamp is controlled 
independently by a shielding plate, but it is not controlled in response to the position of an 
oncoming vehicle, the irradiating range of the headlamp is again restricted more than what is 
necessary. 

(0008) Therefore, taking into account the situation described above, the goal of the present 
invention is to provide a headlamp radiating range controlling device that makes it possible to 
extend the radiating range of the headlamp without causing glare for a preceding car or for an 
oncoming car. 

(0009) 

(Means to Solve Problems) 

In order to achieve this goal, in accordance with the description of claim 1 of this invention, the 
invention is equipped with a borderline changing means, which changes the borderline of the no- 
illumination range of the headlamp of the car itself; 

with a picture taking means, which films the region in the forward traveling direction of 
the car itself; 

with a detection means, which detects the position on the outermost side in the car width 
direction the tail lamp of a preceding vehicle, based on the image filmed with said picture taking 
means; 

and with a control means, which controls said boundary line so as to position said boundary line 
in a determined position, determined as the mirror position when the rear of a preceding car is 
recognized, set in the lowermost position of a preceding car based on the distance between the 
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positions determined by said detection means, or below the mirror of a preceding car, when the 
rear of a preceding car is recognized, set in the lowermost most position of a preceding car, and 
above the tail lamp. 

(0010) In accordance with the description of claim 2 of this invention, the invention is provided 
with a borderline changing means, which changes the borderline between the non-illuminated 
range and the illuminated range of the headlamp of the car itself; 

a detection means, which detects the position on the outermost side in the car width 
direction of the headlamp of an oncoming vehicle based on the image filmed with said picture 
taking means; 

and with a controlling means, which controls said borderline changing means, so as to 
create said borderline in a position determined below the eye point of the driver of an oncoming 
vehicle, and above the ground position of the contour of an oncoming vehicle, or below the eye 
point of a driver of an oncoming vehicle, based on the distance from the position detected with 
said detection means. 

(0011) 

(Operation) 

According to the invention described in claim 1 , a picture taking means films the region in the 
forward traveling direction of the car itself. Also, a detection means detects the position on the 
outermost side, in the car width direction of the tail lamp of a preceding car, based on the image 
filmed with said picture taking means. A control means controls said borderline changing means 
so as to position said borderline in a position determined below the mirror, when the rear of a 
preceding vehicle is recognized, set in the lowermost position of a preceding vehicle, based on 
the distance between the positions detected with said detection means. The borderline changing 
means then places the borderline in the determined position. 

(0012) Therefore, because the control means controls said borderline changing means so as to 
position the borderline between the illuminated region and the non-illuminate region in a 
position below the mirror by recognizing the rear position, created in the lowermost position of a 
preceding vehicle, and above the tail lamp, and the mirror position, by recognizing the rear 
position created in the lowermost position of a preceding vehicle, this makes it possible to 
extend the illumination range of the headlight, without causing glare for the driver of a preceding 
car, enabling to improve the visibility characteristics for the driver of the car itself. 

(0013) According to the description of this invention in claim 2, a picture taking means takes 
pictures of the region in the direction of a vehicle traveling in front of the car itself. A detection 
means detects the position on the outermost side, in the car width direction of the headlamp of an 
oncoming vehicle, based on the image filmed with said picture taking means. Because the 
control means determines the position below the eye point of the driver of an oncoming vehicle, 
and above the ground position of the contour of the oncoming vehicle, or below the eye point of 
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the driver of an oncoming vehicle, based on the distance of the detected position obtained from 
said detection means, said borderline changing means is controlled so as to position said 
borderline in the determined position. The borderline changing means then places the borderline 
in this determined position. 

(0014) Therefore, because the control means controls said borderline changing means to create 
the borderline position for the illuminated region and non-illuminated region in a position below 
the eye point of the driver of an oncoming vehicle, and above the ground position of the contour 
of an oncoming vehicle, or below the eye point of the driver of an oncoming vehicle, this makes 
it possible to improve the visibility in the forward direction of the car itself, because the 
illuminated region of the headlamp can thus be extended without causing glare for the driver of 
an oncoming vehicle. 

(0015) 

(Embodiment) 

The following is a detailed explanation of Embodiment 1 of the headlamp illumination range 
controlling device of the present invention with reference to the enclosed figures. The headlamp 
illumination range controlling device of Embodiment 1 is compatible with the present invention 
in a case when a gradated image, which is filmed with a black and white TV camera, is taken of 
a preceding vehicle which is traveling in the same direction as vehicle 10. 

(0016) As shown in Figure 1, an engine hood 12 is mounted on the upper surface part of a front 
body 1 OA of a vehicle 10, and a front bumper 16 is fixed on both end parts in the car width 
direction in the front end part of the front body 10A. Further, a pair of headlamps 18, 20 is 
deployed on the left and on the right side (both end parts in the car width direction) in the upper 
part of the front bumper 16, and in the lower part of the front body 10A. 

(0017) A windshield glass 14 is deployed in the vicinity of the end part of the engine hood 12, 
and a room mirror 15 is mounted above this windshield glass 14, inside the vehicle 10. In the 
vicinity of this room mirror 15 is arranged a TV camera 22 (corresponding to a picture taking 
means), which takes pictures in the forward direction of the vehicle, and which is connected to 
an image processing device 48 (Figure 4). 

[page 4] 

In addition, since it is desirable when the position in which the TV camera 22 is deployed 
enables to ascertain with precision the shape of the road on which the vehicle is traveling in the 
forward direction, the camera should be positioned in the vicinity of the visual point (so called 
eye point) of the driver, to match the visual perception of the driver. 
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(0018) A speedometer, not shown in the figure, is deployed inside said vehicle 10. As shown in 
the figure, a car speed sensor 66 is installed to detect the vehicle velocity of vehicle 10, with a 
cable, not shown in the figure, which is connected to the speedometer, not shown in the figure. 

(0019) As shown in Figure 2 and Figure 3, a headlamp 18 is provided in the form of a projector 
headlamp, having a convex lens 30, a bulb 32 and a lamp housing 34. This lamp housing 34 is 
fixed in the horizontal direction to a frame, not shown in the figure, of the vehicle 10. The 
convex lens 30 is attached at the side of the opening of the lamp housing 34, so that the light 
emitting point is positioned on the optical axis L of the convex lens 30 (the central axis of the 
convex lens 30), while the bulb 32 is fixed in a socket 36. 

(0020) Because a reflector 38, having an elliptical reflecting surface is deployed on the bulb side 
inside the lamp housing 34, the reflected light of the bulb 38 is converged between the convex 
lens 30 and the bulb 32. Actuators 40, 42 are deployed as a borderline changing means in the 
vicinity of the converging point. Shielding cams 40A, 42A are used together with these actuators 
40, 42 to shield the light obtained from the bulb 32, which is reflected and converged by the 
reflector 38, while additional light is emitted from the convex lens 30. 

(0021) The construction of the actuator 40 includes a shielding cam 40 A, toothed wheels 40B, 
40C and a motor D. The construction of the actuator 42 comprises a shielding cam 42A, toothed 
wheels 42B, 42C, and a motor 42D. The shielding cams 40A, 42A are axially supported to 
enable rotations along the rotational axis 44 in the lamp housing 34, while a toothed wheel 40B 
is fixed to the shielding cam 40A. This shielding cam 40B is engaged by a toothed wheel 40 C, 
which is attached in a fixed manner to the motor 40D. This motor 40D is connected to a control 
device 50 of a control means and a detection means. Because the shielding cam 40A is formed 
in the cam shape, the distance from the rotational axis 44 to the outer periphery can be 
continuously changed, so that when the shielding cam 40A is rotated inside the lamp housing 34 
in response to signals obtained from the control device 50, the position in which the light is 
divided into light rays of the bulb 32 that are allowed to pass through and light rays that are 
shielded can be varied in the upward or downward direction. In the same manner, the shielding 
cam 42 A is axially supported so as to enable rotations with the rotational axis 44, by which the 
cam is fixed in the lamp housing 34. The toothed wheel 42B is engaged by the toothed wheel 
42C, which is fixed to the motor 42D, while this motor 42D is connected to the control device 
50. 

(0022) Therefore, the upward position of the shielding cams 40A, 42 A creates a borderline 
between the illuminating range and non-illuminating range of the headlamp of the car itself. 
More specifically, the borderline is created in the position of the road as a cut line being the limit 
of the region that is not illuminated by the headlamp of the car itself. 

In other words, as shown in Figure 16, a cut line 70 is formed by the shielding cam 40A, while a 
cut line 72 is formed by the shielding cam 42 A. When this shielding cam is rotated, the cut line 
70 is changed horizontally from a position corresponding to the lowest position in the upper part 
(the same position as the position of the cut line 70 in Figure 16 or above) with horizontal 
displacement up to the limit of the position of the non-illuminated region during so called low 
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beam position (the position of an imaginary line in Figure 16). Similarly, the cut line 72 is 
horizontally displaced by the rotation of the shielding cam 442A from the uppermost position 
(the position of the cut line 72 in Figure 16) to the lowermost position (the position of an 
imaginary line in Figure 16). 

(0023) The headlamp 20 is equipped with actuators 41, 43 (Figure 4). A detailed explanation of 
the construction of the headlamp 20 will be omitted as it is identical to the construction of the 
head lamp 18. 

(0024) As shown in Figure 4, the construction of the control device 50 comprises a read only 
memory (ROM) 52, a random access memory (RAM) 54, a central processing unit (CPU) 56, an 
input port 58, and an output port 60, as well as a bus 62, which connects these components to a 
databus, a controller, and the like. In addition, a map and a control program, which will be 
explained later, are stored in the ROM 52. 

(0025) A vehicle velocity sensor 66 and an image processing device 48 are connected to the 
input port 58. The output port 60 is connected via a driver 60 to actuators 40, 42 of the headlamp 
18, and to actuators 41, 43 of the headlamp 20. Further, the output port 60 is also connected to 
the image processing device 48. 

(0026) This image processing device 48 is a device for processing of images projected with a 
TV camera 22 based on signal that is input from the TV camera 22 and controlling device 50 as 
will be explained later. 

(0027) The road shape mentioned above includes a continuous road shape, for example a road 
shape corresponding to 1 car lane formed with a center line having a right edge or the like. 

(0028) The following explanation relates to the recognition of a preceding vehicle 1 1 based on 
image processing operations performed during daytime in the present embodiment of this 
invention according to the car recognition travel control routine with reference to Figure 6. In 
addition, each image element in the image formed with the image signal is set with coordinates 
(X n , Y n ) in a system of coordinates determined by axis X and axis Y, which are mutually 
orthogonal, and thus determined in the image. 

(0029) As shown in Figure 5 (a) when a vehicle 10 travels on the road 122 and pictures are taken 
with a camera 22, the visual image seen by the driver of the vehicle is roughly coincident with 
the image 120. This road 122 is provided with a white line 124 on both sides of the car lane in 
which the car 10 is traveling. A preceding car 1 1 therefore will be recognized based on this 
image 120. 
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(0030) When the input of the image signal contained in the image 120 is obtained by the image 
processing device 48, image processing operations are started, the processing is performed 
according to a sequence based on extraction processing of white line candidate points and 
processing in the vicinity of the straight line, so that after the traveling lane of the vehicle 10 has 
been detected, a vehicle recognition region W P is set (in step 610). The processing performed in 
this step 610 will now be explained. 

(0031) During the extraction processing of the white line candidate points, the processing is 
conducted so that the white line traveled by vehicle 10 is estimated and the candidate points are 
extracted. First, a window region W s is set having a specified width y corresponding to the 
position of the estimated line 126 of the white line determined previously (see Figure 5 (3) in 
addition). The value set initially for the estimated line 126 of the white line, set ahead of time, is 
read and a window region W s is set. In addition, because the probability that the preceding car 1 1 
will be present in the region above and below the image 120 is low, an upper limit line 128 and a 
lower limit line 130 are created and the consequent processing is then conducted within this 
range. Next, the brightness inside this window W s is differentiated, and the peak point of this 
differentiated value (the maximum point) is extracted as the edge point representing a white line 
candidate point. Specifically, the brightness is differentiated from the image elements in the 
lowermost position for each image element in the horizontal direction up to the uppermost 
position of each image element in the vertical direction inside the window W s (in the direction of 
arrow A shown in Figure 5 (3)), and a large amount of the brightness fluctuations is set as a peak 
point creating an edge point to be extracted. These continuous edge points are indicated with the 
dotted line 132 shown in Figure 5 (3). 

(0032) Next, processing in the vicinity of the straight line is conducted by using Hough 
transform, which is applied to the edge points extracted during the extraction processing of the 
white line candidate points to create an approximation of a straight line, and straight lines 134, 
136 are determined along the line that is estimated for the white line. The region surrounded by 
these determined straight lines 136, 138 and by the lower limit line 130 is then set as the vehicle 
recognition region W P (see Figure 5 (4)). In addition, if said road 122 becomes a curved road, the 
region surrounded by the lower limit line 130, which has a different inclination than the straight 
lines 136, 138 determined as described above, is set as the vehicle recognition region W P (see 
Figure 5 (2)). 

(0033) Next, when the processing of the extracted white line candidate points and of the straight 
line approximation is finished, processing of detected horizontal edge and processing of detected 
vertical edge is conducted according to the processing sequence, it is determined whether a 
preceding vehicle 1 1 is present in the preset vehicle recognition region W P , and at the same time, 
when a preceding vehicle 1 1 is present in this region, the distance between the vehicle is 
calculated as A V (in step 620). The processing conducted in this step 620 will now be explained. 

(0034) During the horizontal edge detection processing, horizontal edge points are detected in 
the vehicle recognition region W P with the same processing as the processing conducted during 
detection of white line candidate points described above. Next, the detected horizontal edge 
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points are integrated in the horizontal direction, and a peak point E P is detected in a position 
exceeding a specified value of the integral value (see Figure 5 (5)). 

(0035) During vertical edge detection processing, if there are multiple peak points E P of the 
integral value of the horizontal edge points, windows W R , W L are set for straight line detection, 
including both ends of the horizontal edge points, which also includes the peak points E P , with a 
sequence starting from the peak point E P (the closest point based on this distance), positioned in 
the lower part of the image. 

The vertical edge in these windows W R , W L is detected, and when it is detected that straight lines 
138R, 138L are stabilized, it will be determined that a preceding vehicle 1 1 is present. Next, the 
car width is determined by determining the interval in the horizontal direction of straight lines 
138R, 138L, detected inside each window W R , W L . In addition, the distance AV between the 
preceding vehicle 1 1 and the car itself 10 is calculated from the determined car width and from 
the position of the horizontal edge of the preceding car 1 1 . The interval in the horizontal 
direction between the straight lines 138R, 138L is calculated from the difference between the 
representative X coordinates of each line (for example as a median coordinate value, or as a 
coordinate value using multiple frequencies). 

(0036) When the processing described above is finished, processing of the set traveling course 
is conducted (in step 630). Step 630 provides an example of a feedback control carried out when 
a preceding car is present in a set traveling course using items such as constant speed travel 
control, or control of the distance between the vehicles or the like. For example, when a 
specified value of the determined distance A V between the vehicles has been exceeded and a 
constant traveling speed is continued, a lower specific value is created for the distance A V 
between the vehicles, and the set traveling speed is canceled. Also, when the distance between 
the vehicles is controlled with a specific value, the distance A V between the vehicles represented 
by a preceding vehicle 1 1 and the car itself 10 is maintained by controlling the vehicle velocity 
or the like. 

(0037) The following is an explanation of the operation of the present embodiment. First, when 
the light switch of the vehicle, not shown in the figure, is set on by the driver and the headlamps 
1 8, 20 are turned on, the main routine is realized while control is applied in each specific time 
period as indicated in Figure 7. In step 200 of this control routine, a preceding vehicle 
recognition subroutine is run (in step 200 of the present control routine) in order to recognize a 
preceding vehicle (see Figure 8). When this preceding vehicle 1 1 has been recognized, during 
the next step 300, the headlamps 18, 20 are controlled with a light distribution control subroutine 
(see Figure 1 9) and the present routine is completed. 

(0038) The step 200 will be explained in detail next. First, in step 202, the whit line detection 
during daytime is set as explained above and a white line detection window region W^ is set at 
the same time. Because the vehicle 10 travels in the present embodiment at night, since images 
can be detected only some 40 ~ 50 m in front of the vehicle 10, it is therefore not necessary to 
detect images more than 60 m in front of the vehicle 10. Because of that, to enable detection in 
the white line detection window W^up to 60 m in front of the vehicle 10, the region exceeding a 
specified horizontal line 140 is removed from said window W^and the white line detection 
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windows W^is set (see Figure 9 ). 

(0039) Next, extraction processing of white line candidate points is conducted simultaneously 
with the direct line approximation processing in said step 610, the edge points inside the white 
line detection window region W^are detected (step 204), Hough transform is run (in step 206), 
and approximately straight lines 142, 144 are determined along the road 122 with the straight 
line approximation (see Figure 9). 

(0040) Next, in step 208, intersection point P N (coordinates X, X n ) of the determined . 
approximately straight lines is determined, and the displacement amount A (A = X M - X 0 ) is 
determined in the horizontal direction of the intersecting point P 0 (coordinates X, X 0 ) of an 
approximately straight line, in a case when a straight line has been determined in advance using 
the intersection point P N as a standard. 
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This displacement amount A corresponds to the extent of the curve of the road 122. 

(0041) During the next step, step 210, when a determination is made whether A 2 > A ^ Aj or 
not, it is determined whether the road 122 is a road with a roughly straight line. This 
determination standard Aj is a standard value expressing the border between the straight line of 
the road and the right curve of the road, while determination standard A 2 is a standard value 
expressing the border between the straight line of the road and the left curve of the road. 

(0042) In step 210, if a straight line road has been determined, the car velocity V of the car itself 
is read (step 212), and during the next step, step 214, in order to set the vehicle recognition 
region W P according to the read value of the car velocity V, the position of the roughly straight 
line is corrected by setting left and right correction widths a R , a L . The vehicle will have a large 
radius of curvature during travel at a high speed as turns in the road are possible. Although the 
road can be considered to have a roughly straight line, and even if a road that is close to an 
almost straight line has been encountered straight ahead during travel at a low speed, since a 
road with a small radius of curvature may be encountered in some cases at some distance, it is 
not possible to determine whether the road has does or does not run in a straight line based only 
on the white line up to 60 m in front of the vehicle 10. Accordingly, a larger correction width is 
created during travel at a low speed, and a smaller one is set during traveling at a high speed (see 
Figure 12). During travel at a low speed, a larger vehicle recognition region W P is set than the 
region which is set during travel at a high speed, so that a larger recognition region is created for 
recognition of the preceding vehicle 1 1 (see Figure 1 1). 

(0043) Next, in step 216, processing of the recognition of a preceding vehicle 1 1 is conducted 
while using the roughly straight lines 142, 144 and the determined left and right correction 
widths a R , a L , and the vehicle recognition region W Pare set (see Figure 10). 
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(0044) When a negative or a positive determination has been made in said step 210 by 
ascertaining during step 218 whether A is or is not > A 2 , it is determined whether the road has a 
right curve or a left curve. If an affirmative determination is obtained and it is determined that 
the road has a right curve, the vehicle velocity V of the vehicle 10 is read (in step 220), and in 
order to determine correction widths oc R , oc L on the right and on the left side of the vehicle 
recognition region in accordance with the displacement amount A, the right and left correction 
widths a R , a L are determined based on the determined correction widths a R ., a v and based on the 
gains GR, GL. Because the road is at this point a curved road, asymmetry will be created on the 
left and on the right side, so that a different inclination will be created for the roughly straight 
lines 142, 144. Therefore, the values for the correction widths a R , a L on the right and on the left 
side are set independently. Specifically, when the curvature radius is small because the road has 

a right curve (large displacement amount A), there is a high probability that a preceding vehicle 
1 1 will be present on the right side. Accordingly, the correction width a R is increased by setting a 
larger gain GR on the right side (see Figure 13), and a smaller correction width <x L is created 
when a smaller gain LG is set on the left side (see Figure 14). Also, if the road is a road with a 
right curve, which has a large radius of curvature (small displacement amount A), a smaller 
correction width a R is set by setting a smaller gain GR on the right side, and a larger correction 
width cc L is set with a larger gain GL on the left side. The image shown in Figure 15 indicates the 
changes of these correction widths. 

(0045) In step 228, the vehicle recognition region W P is set with recognition processing of a 
preceding vehicle 1 1 using the right and left correction widths <x R , cc L of the determined window 
region. 

(0046) On the other hand, if the determination in step 2 1 8 has a negative result, the road is 
considered to have a left turn, and the operation will proceed with step 230 and the vehicle 
velocity of the vehicle 10 will be read. Next, the right and left correction values a R , a L are set 
according to this vehicle velocity V (step 232, see Figure 1), and the left and right gains GL, GR 
are set according to the displacement amount A (step 234). Specifically, when the road has a left 
curve which with a small radius of curvature (large displacement amount A), because there is a 
high probability that a preceding vehicle 1 1 will be present on the left side, a small correction 
widths cc R is set with a small gain GR for the right side (see Figure 17). In addition, a large 
correction width cc L is set by setting a large gain GL for the left side (Figure 18). During the next 
step, step 236, correction widths a R , a L on the right and left side are set for the final windows 
based on the determined correction values a R ., a L > and gains GL, GR, and the car recognition 
region W P is determined with processing of the preceding vehicle recognition using right and left 
correction widths oc R , a L of the determined window region (step 238). 

(0047) The vehicle recognition region W P thus has been determined as explained above. The 
operation proceeds with step 240 and integration of the horizontal edge points inside the vehicle 
recognition windows W P is conducted, which is determined in the same manner is during the 
processing of the detection of a preceding vehicle described in step 620, and based on the 
integration, recognition processing of a present preceding vehicle is conducted. Next, in step 
242, the edge center positions P, (X,, Y,), P 2 (X 2 , Y 2 ) of the tail lamps of a preceding vehicle are 
detected as shown in Figure 32 (a). The coordinate value Y, is the median value of the Y 
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coordinate in the lowermost position of the Y coordinate value of the uppermost position in the 
Y direction of the straight lines 140R, 140L on the outermost side in the car width direction, 
determined during recognition processing when a preceding vehicle was recognized in step 240. 
The coordinate values X l9 X 2 are coordinate values in the X direction of the straight lines 140L, 
140R. During the next step 244, the edge distance X^ between both tail lamps is determined by 
calculating the coordinate value X! from the coordinate value X 2 . Next, during step 246, the door 
mirror position is determined form the central position of the edge of the tail lamp by 
multiplying a specified constant a by the distance X n from the central position of the edge of 
both tail lamps. Specifically, the distance e n in the Y direction is determined up to the lowermost 
part position of the door mirror as the optimum cut line position. In this case, the constant a can 
be determined as follows. Specifically, if there are multiple passenger cars, when the ratio 
between the distance Xn of both said edges and the distance e n is measured in the Y direction 
from the central positions P, P 2 of the edge of the tail lamp to the position of the lowermost part 
of the mirror, a roughly constant value corresponding to 0.55 will be obtained as shown in 
Formula (1). 
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In addition, the determination of the distance e n in the Y direction up to the position of the 
lowermost part of the mirror, using the edge central position of the tail lamps as a standard, 
serves as information about a preceding vehicle, which can be obtained when a preceding 
vehicle is filmed with the TV camera 22, because the tail lamp is the main light component 
determining and limiting the deployment position that can be clearly send by a driver of a 
subsequent car. 

x n /e n = 0.55(1) 

Next, by adding the distance e D to the coordinate value Y, of the central position of the edge of 
the tail lamp during step 248, the coordinate value Y n is determined in the position of the . 
lowermost part of the door mirror image and the present routine is completed. In addition, when 
the value of the Y coordinate differs due to irregularities and other fluctuations of the traveled 
road, the median value is determined and the coordinate value Y n of the door mirror is 
determined by adding this median value to this distance e n . 

(0048) Because the recognition region of a preceding vehicle 1 1 fluctuates according to the 
extent of the car velocity and of the curves in the road, the probability that a preceding car is in 
fact present in the vehicle recognition region obtained in this manner is within a high probability 
range, since a preceding car can be recognized with a high probability level. 

(0049) Also, according to the present embodiment, the relationship shown in said Figure 12 is 
stored as a velocity map, the relationship shown in Figure 1 7 is stored as a left GR map, the 
relationship shown in Figure 13 is stored as a right GR mp, the relationship shown in Figure 18 
is stored as a left LG map, and the relationship shop on Figure 14 is stored as a right GL map. 
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(0050) Moreover, if it is not possible to detect said white line, the vehicle recognition region 
which is based on the position of the white line detected previously is used. 

(0051) Next, step 300 will be explained in detail. During step 300, a subroutine is run to control 
the actuator which changes the position of the cut line according to the determined mirror 
coordinate value Y n (see Figure 19). 

(0052) First, during step 302, control value DEG L of the actuator 40 is set according to cut line 
control on the right side based on the coordinate value Y n . Specifically, in the present 
embodiment as shown in Figure 20, the relationship between the Y coordinate value of the 
position in the lowermost part of the door mirror, and the control value DEG L and the control 
value DEG R is stored in the form of map creating a table in the ROM 52, and the coordinate 
value Y n is set based on the read control value DEG L . During the next step 304, distance AY is 
determined for the Y direction by multiplying inclination 0 shown in Figure 21 with the 
subtraction value obtained by subtracting coordinate value X, in the edge position of the tail 
lamp on the left side from the coordinate value X$ in the center of the image. In this case, 
because this type of processing is conducted, even if the control value DG R is set by the actuator 
corresponding to the cut line control on the left side based on the coordinate value Y N , since in 
the embodiment shown in Figure 21 and Figure 16 the inclination of the cut line 72 on the left 
side corresponds only to 0, the headlamp will in some cases illuminate the door mirror on the 
left side of a preceding car. Accordingly, in order to lower the cut line 72 on the left side, the 
extent of the increase of the Y coordinate must be determined as AY from the coordinate Xq 
value in the center of the image to the coordinate value X, on the left side of the tail lamp. In 
addition, in a case when the cut line creates a straight line if the same straight line is formed with 
the shielding cam, this processing is not conducted since it is sufficient if the control value DEG 
is set by the actuator on the basis of the coordinate value Y n . 

(0053) Next, during the step 306, AY is subtracted from the coordinate value Y n and the value 
Y n ' is determined, and during the next step 208, the control value DEG R is set by the actuator 30 
based on the value Y n ' corresponding to the control of cut line 72 on the left side. When the 
control values DEG L , DEG R of the actuators 40, 42 are set as described above during the next 
step 3 10 by applying actuator control in response to the control values DEG R , DEG L set by the 
actuators, the shielding cam moves the actuators 40, 42, the cut lines 70, 72 are moved toward 
the lowermost part of the door mirror of an advancing vehicle, and the present routine is 
finished. 

(0054) The vehicle recognition regions is thus set in this manner in the present embodiment in 
order to recognize when a preceding vehicle is present on the road in the forward direction of the 
vehicle from an image picked up with a TV camera. At the same time, a preceding car is 
recognized when the vehicle recognition region is changed according to the vehicle velocity and 
the shape of the road, the position of the lowermost part of the door mirror is detected based on 
the distance X n from the edge center position of the tail lamp, and since the cut lines 70, 72, 
being the limiting lines of the non-illuminated region in this position, are moved, this makes it 
possible to extend the range illuminated by the headlamps up to the limiting range in which no 
glare will be inflicted upon a driver of a preceding vehicle 1 1 . Because the visibility is improved 
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for the driver thanks to the fact that the range of the illumination is extended in this manner, an 
optimal illumination can thus be applied with the headlamp of the actual car 10. 

(0055) The following is an explanation of Embodiment 2 of this invention. While a preceding 
vehicle was recognized from the image in front of the vehicle 10 in Embodiment 1, the light 
distribution is controlled in Embodiment 2 when an oncoming vehicle 1 1 A is recognized. In 
addition, an explanation of the same parts as those in Embodiment 1 will be omitted in the 
construction of Embodiment 2 as these parts are labeled with the same symbols. 

(0056) The following explanation relates to Embodiment 2 of this invention. First, when a 
driver turns on a light switch, not shown in the figure, and headlamps 1 8, 20 are turned on, the 
main control routine is run in each specified type period as indicated in Figure 22. During step 
400 of this control routine, a subroutine is realized for recognition of an oncoming vehicle (see 
Figure 23) and a preceding vehicle is recognized. When this oncoming vehicle 1 1 is recognized, 
during the next step 500, a subroutine is run to detect the eye point of the driver of an oncoming 
vehicle (see Figure 28). After this eye point has been detected, during the next step 600, light 
distribution control is applied to head lamps 18, 20 with a light distribution control subroutine 
(see Figure 31) and the present routine is finished. 

(0057) Subroutine 400 will be explained in detail next. First, during step 402, the preceding 
vehicle recognition subroutine (Figure 8) is realized from step 202 to step 208 (Figure 8). 
Specifically, the white line detection window region W SD is set, the edge points inside this region 
W SD are detected, Hough transform is realized and approximately straight lines 142, 144 are 
determined along the white line 122 of a road which runs roughly in a straight line. 
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(0058) Next, in step 404, the displacement amount A in the horizontal direction is read using as 
a standard intersecting point P P of the determined roughly straight lines 142, 144, and 
intersecting point P Q of an approximately straight line using a straight line as a standard. 

(0059) Next, in step 406, it is determined whether A2 > Al and if it is determined that the road 
122 is an approximately straight line, the vehicle velocity V of the vehicle 10 is read (in step 
408). During the next step 410, in order to set a recognition region W PO for an oncoming vehicle 
according to read the vehicle speed V, a correction width a RO is set for the right side to correct 
the position of the approximately straight line. Specifically, the correction width is increased if 
the oncoming car is traveling at a low speed in the same manner as with the recognitions of a 
preceding vehicle described above, and the width is decreased if the car is traveling at a high 
speed (see Figure 24). In this case, the oncoming vehicle recognition region W P0 is set to wider 
than during travel at a high speed. 

(0060) During the next step 412, recognition processing is applied to the oncoming vehicle 1 1 A 
using the lower limit line 130 and approximately straight line 144 is set together with the 
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correction width a RO , and when the vehicle recognition region W P0 is set, the present routine is 
finished (see Figure 27). 

(0061) When a negative determination is made in said step 406, during step 414, a decision is 
made whether a right curve road or a left curve road is present by determining whether the 
relationship A > A2 is applicable. If the decision is positive, it is determined that road with a 
right curve is present, the vehicle velocity V of the vehicle 10 is read (step 416), and the 
correction value a R0 > is determined for the correction width a R0 corresponding to the read 
vehicle velocity V (step 418, see Figure 24). Next, in step 420, gain G RO is set in order to set of 
the car recognition region corresponding to the displacement amount A, which is the extent of 
the curve of the road (see Figure 25). In step 422, in order to set the final oncoming car 
recognition region W P0 based on the determined correction value oc RCr and gain GRo, correction 
width a R0 is set for the right side to correct the displacement of the approximately straight line. 
During the next step 424, recognition processing of the oncoming vehicle 1 1 A is conducted 
using the determined correction width oc RO , the vehicle recognition region W P0 is set, and the 
present routine is completed. 

(0062) On the other hand, when the result in step 414 is a negative determination, the road will 
be considered to have a left curve, the operation will proceed with step 426 and the vehicle 
velocity V of the vehicle 10 will be read. Next, the correction value <x R0 > corresponding to the 
read vehicle velocity V is determined (step 428, see figure 24), and the gain GRq corresponding 
to the displacement amount A is set (step 430, see Figure 26). During the next step 432, the 
correction width ce R0 is set for the final window region based on the determined correction value 
a R0 » and gain GRq, the vehicle recognition region W P0 is determined with recognition processing 
of the preceding vehicle using the determined correction width a R0 (step 434), and the present 
routine is completed. 

(0063) In addition, according to this embodiment, the relationship shown in said Figure 24 is 
stored as a velocity map, the relationship shown in Figure 25 is stored as a left GR map, and the 
relationship shown in Figure 26 is stored as a right GR map. 

The following is a detailed explanation of step 500. When the oncoming recognition region W P0 
is determined as described above, the operation proceeds with step 504 and image 120, which is 
the input image, is converted to a binary system (see Figure 29 (1)). Specifically, since the light 
obtained from the headlamps of an oncoming vehicle is obtained in the form of straight line light 
rays, a comparison of the characteristics of the light can be easily performed, so that a bright 
region (for example data 1) can be set in a region exceeding a specific threshold value of the 
image 120 (for instance a value corresponding to 90% of the peak brightness), and a dark region 
can be set for a region below this threshold value (for example as data 0), creating a binary 
system (see Figure 29 (2)). Next, expansion and contraction processing is repeated a specified 
number of times (3 times in the present embodiment), and irregularities are eliminated (step 
506). Specifically, all the border image elements are removed from the bright region, contraction 
processing is conducted, single occurrences are excluded and contraction processing is 
conducted, which is followed by a reversed processing in which the border image elements are 
proliferated in the direction of the background, single occurrences are expanded and expansion 
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processing is carried out, and individual regions having a weak link are separated from each 
other, while at the same time, fine irregularities are excluded from the border part between the 
bright region and the dark region. 

(0064) During the next step 508, labeling is applied to each bright region from which these fine 
irregularities were excluded (see Figure 29 (3), symbols 1 ~ 3). Next, the center of gravity 
position and the surface area of each of the bright regions labeled during step 510 is calculated in 
image element units. This center of gravity position can be calculated from the X coordinate 
value and from the Y coordinate value of each image element included in the bright region. In 
addition the surface area can be calculated by counting the number of the image elements which 
are included in the bright region. In this case, as shown in Figure 29 (3), the center of gravity 
value of the bright region is labeled with code 1 (X„ Y,), and the surface are is labeled S,. In the 
same manner, the bright area which is labeled with code 2 has center gravity values (X 2 , Y,), and 
a surface area S 2 , while the bright area labeled with code 3 has center of gravity values (X 3 , Y 3 ), 
and a surface area S 3 . 

(0065) In this case, since an oncoming vehicle 1 1 A is normally equipped with a pair of 
headlamps on the left and on the right, the light which is directed toward the car itself and with 
which the car is illuminated will form a bright region with a specified interval corresponding to 
this pair of headlamps and one car width, roughly in the horizontal direction. Accordingly, if a 
bright region is detected with a specific interval corresponding to a pair and to the car width 
roughly in the horizontal direction from the image 120, there is a high probability that this one 
pair of bright regions represents the headlamps of an oncoming vehicle. Therefore, during the 
next step 512, when the center of gravity coordinates are roughly identical, and the entire pair of 
bright regions is detected below a specified value corresponding to the vehicle headlamp interval 
with the coordinate distance of coordinate X, a candidate headlamp region is set for an oncoming 
vehicle 1 1 A. In this case, this region will correspond to the bright region pair A. (see Figure 29 
(3)). 

(0066) Also, if the headlamp is mounted in a lower position of the vehicle than is usually the 
case, even if the light obtained from the headlamps is reflected by the road or by the surface of 
the travel path and the like, the light will provide illumination in front of the vehicle. 
Accordingly, when an oncoming vehicle 1 1 A is present, a bright region will be formed below 
the direct light (a pair of bright regions) emitted from the headlamps, and in a specified position 
(road surface). Because of that, as long as a bright region is present on the side below a pair of 
bright regions, the presence of an oncoming vehicle 1 1 A can be recognized with a high 
probability. Also, these bright regions can be formed with different shapes depending on the 
condition of the road surface. 
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For example, if the road is an asphalt road or a similar type of paved road, the light emitted from 
one pair of headlights will be dispersed on the surface of the road so that one bright region is 
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formed (Figure 29). In addition, with a high reflectance of the road surface due to rainy weather 
and similar factors, the light emitted form each headlamp in a pair of headlamps will be reflected 
from the road surface so that a second bright region can be formed on the road surface (see 
Figure 30 (1)). Accordingly, during the next step 514, if a pair of bright regions is detected, 
corresponding to 1 - 2 individual bright regions having a surface area exceeding a specified 
value on he side below the bright region located inside the candidate bright regions (a pair of 
bright regions) of the an oncoming vehicle 1 1 A, the headlamps of the oncoming vehicle 1 1 A are 
recognized, and it will be recognized that an oncoming car 1 1 A is present. Specifically, in the 
case shown on Figure 29, when the pair A of bright regions is recognized based on the presence 
of a bright region (code 3) corresponding to the bright regions of the bright region pair A (bright 
region code 1, 2), the presence of an oncoming vehicle 1 1A is recognized. In addition, during 
rainy weather or in similar circumstances, as shown in Figure 30 (2), the presence of an 
oncoming vehicle 1 1A will be recognized when the headlamps of an oncoming vehicle 1 1A is 
recognized which has a pair B of bright regions, based on the presence of bright regions (code 6, 
7) corresponding to the bright region pair B (code 4, 5). When an oncoming vehicle is 
recognized with a similar method, the marker on the side of an oncoming vehicle is based only 
on one pair of bright regions, but if there is a marker which is formed by the reflected light due 
to a presence of an object such as a utility pole or the like, an object such as a utility pole may be 
in some cases recognized as an oncoming vehicle. On the other hand, if the light which reaches 
the car itself directly is light reaching the car itself from the headlamps of an oncoming vehicle, 
and light reflected from the road surface reaches the car itself, if an oncoming vehicle is present, 
the fact that combinations of pairs of bright regions with bright regions corresponding to this pair 
of bright regions will be present should be taken into account. 

(0067) Therefore, when an oncoming vehicle 1 1 A has been recognized, the headlamp edge 
center positions P a (X a , Y a ), P b (X b , Y b ) are detected during the next step 516. The marker value 
Y a in this headlamp edge center position is determined as the mean value of the Y coordinate 
value in the lowermost position and of the Y coordinate value in the uppermost position in the Y 
direction of the straight lines 142R, 142L on the outermost side in the car width direction, 
detected during recognition processing of the presence of an oncoming vehicle 1 1 A in step 514. 
Coordinate values X a , X b are the coordinate values determined in the X direction of the straight 
lines 142L, 142R. Next, during step 518, the distance X,, between both head lamp edges is 
determined by subtracting the coordinate value X a from the coordinate value X b . In the next step 
520, the distance e a is determined in the Y direction from the ground position of the front 
contour of an oncoming vehicle (coordinate Y b) determined by multiplying the distance X a by 
constant p, to the eye point of the driver, which is the optimal position for the cut line. In this 
case, the constant p is determined as follows. Specifically, with multiple passenger cars, when 
the ratio is measured between said vehicle edge distance X a and the distance e a from the ground 
position of the front contour of an oncoming vehicle up to the eye point of the driver, a roughly 
constant value of 0.6 is obtained as disclosed in Formula (2). In addition, instead of using the 
light edge center position of the headlamp in this manner is a standard, the ground position of the 
front contour of an oncoming car can be used as a standard so that the distance e a up to the eye 
point A of the driver is detected. Because the information about an oncoming vehicle when an 
oncoming vehicle is filmed with the TV camera 22 relates mainly to the light from the 
headlamps, while there may be differences in the position of the headlamps depending on the 
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type of the car, the distance e a from the ground position of the front contour of an oncoming car 
to the eye point of the driver is normally constant in passenger cars. 

X a /e a = 0.6 (2) 

During the next step 522, the coordinate value Y b is detected for the ground position of the front 
contour of an oncoming vehicle. This coordinate Y b is a median value corresponding to the 
bright regions in the pair of bright regions having the coordinate value Y, or the Y coordinate 
value of the pair of bright regions. Specifically, if it is not raining, as shown in Figure 29 (3),the 
light emitted direction from an oncoming vehicle onto the car itself is determined as a median 
value based on the determined coordinate Y, and based on the determined coordinate Y 2 , and 
also from the median value of the coordinate Y b detected based on the illumination light emitted 
from the car itself. If it is raining, as shown in Figure 30, the light is determined from the median 
value of the median values of the respective Y coordinates in the pair of bright regions. Next, 
during step 524, the coordinate value Y a of the eye point A is determined by adding the distance 
e a to the coordinate Y b and the present routine is completed. 

(0068) Recognition processing of an oncoming vehicle 1 1 A is thus conducted in the oncoming 
vehicle recognition region W PO , determined according to the vehicle velocity and the extent of 
the curve of the road. During this recognition processing, respective bright regions 
corresponding to a pair of headlamps are detected even if multiple light spots are formed with 
the light reflected from the exterior of the vehicle and from exterior lamps in the picture (image) 
taken with the TV camera 22. Also, the headlights of an oncoming car will be recognized even if 
a bright region is present in a reflected region, which is reflected from the road surface in which 
this pair of bright regions is present in the downward position, so that the oncoming car will be 
recognized. Therefore, the present embodiment makes it possible to extract only a region having 
the level of brightness which is highly likely to be that of an oncoming vehicle, enabling to 
recognize an oncoming vehicle with a higher reliability level. 

(0069) Step 600 is now explained in detail. After the coordinate value Y n of the eye point has 
been detected, a control subroutine is run to control the distributed light of the headlamps (see 
Figure 31). The processing of distributed light from step 602 to step 608 is controlled in the 
same manner as during processing performed to prevent glare from being inflicted on the driver 
of a preceding vehicle during the processing described above (from step 302 to step 308), so that 
control values DEG L and DEG R are set by the actuator 40 in response to the cut line control on 
the right side and on the left side according to respective coordinate values Y n , Y n \ In step 510, 
because control is exercised with the actuator according to the control values DEG R , DEG L set 
by the actuator, actuators 40, 42 move the shielding cam, the cut lines 70, 72 are moved to the 
eye point A of the driver of an oncoming vehicle, and the present routine is completed. 
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(0070) Therefore, when the eye point of the driver of an oncoming vehicle is detected in the 
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present embodiment, because the cut lines 70, 72, being the limiting lines of the non-illuminated 
region in this position, are maintained by the actuator in this position, the limiting range of the 
headlamp illumination can be extended without inflicting glare upon the driver of an oncoming 
vehicle. This makes it possible to improve the visibility of the driver thanks to an expanded 
illuminated range, enabling to apply optimal illumination with the headlamps of the actual car 
10. 

(0071) Also, although the illuminated range was controlled with a shielding cam in the front of 
the vehicle in the example explained above, it is also possible to shield the headlamps with a 
shielding plate or with a shutter. Moreover, although the light distribution was controlled with 
shielding of the light of the headlamps, it is also possible to deflect the optical axis of the light 
emitted from the headlamp. 

(0072) Furthermore, although in the case explained in the embodiment above, the traffic rules 
for oncoming vehicles applied to a case when vehicles travel so that an oncoming vehicle will be 
present on the right side of the car itself and passing is allowed by the traffic rules on the left 
side, this invention is not limited by these rules, as it can be easily applied also when vehicles are 
passing on the right side. 

(0073) Further still, although in the embodiment explained above, white line data, which was 
stored for a given road as the initial data, included data obtained during traveling on a road in a 
straight line, in which the lines were created on level ground and with a specific width on both 
side of the vehicle, it is possible to set a standard region also for a case when the white line 
detection is not performed during image detection. Since this data can be also stored with a 
plurality of patterns, the recognition region can be also set by the driver. 

(0074) Further, although according to the example explained in the embodiment above, the 
headlamps of an oncoming vehicle and the tail lamps of a preceding vehicle were detected from 

a gradated image recorded with a black and white TV camera, the detection can be also achieved 
with an image device equipped with a color CCD or the like (color TV). 

(0075) Also, while the example explained in the embodiment above pertained to a case when 
tail lamps having a rectangular shape and the edge center position of headlamps were detected, 
the invention is not limited by this explanation as it is also possible to detect the position on the 
outermost part of round tail lamps and head lamps. 

(0076) Further still, while in Embodiment 1 above, the position of the lowermost part of the 
door mirror of a preceding car was determined as a standard for the edge center position of the 
tail lamp, the invention is not limited by this, as it is also possible to use the standard of the edge 
uppermost position or of the edge lowermost position. Also, although in Embodiment 2 
explained above, the distance from the ground position of the front contour of an oncoming 
vehicle to the eye point of the driver of an oncoming vehicle was determined as a standard for 
the edge center position of the headlamps, the invention is not limited by this, as is it also 
possible to use the uppermost edge position or the lowermost edge position as a standard. 
Moreover, the value of the constant p must be changed in this case to correspond to the position 
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of the standard set in this manner. 

(0077) Also, although it was explained in Embodiment 1 that control was exercised not to cause 
glare for the driver of a preceding vehicle, and in Embodiment 2, control was exercised not to 
inflict glare upon the driver of an oncoming vehicle, the invention is not limited to these 
individual explanations, as it is also possible to exercise control to prevent glare from being 
caused both to the driver of a preceding vehicle and of an oncoming vehicle. Furthermore, in this 
case, because the preceding car region and the oncoming card region are recognized with 
respective settings for the preceding car region and oncoming car region, the limiting 
illumination range of the head lamps can be set so that the cut line is set in the lowermost 
position in the position of the eye point of the driver of an oncoming vehicle and in the 
lowermost position of the fender mirror, or of the door mirror of the preceding vehicle. 

(0078) Also, while in the embodiment above, to prevent glare from being inflicted upon a 
driver of a preceding vehicle, the cut line was positioned below the lowermost part of the door 
mirror or of the fender mirror (excluding the inner mirror or room mirror), set as the lowermost 
position of a preceding car, which is an optimal position for the cut line, the invention is not 
limited by this explanation. It is also possible to set the cut line in a position determined as the 
position below the door mirror or the fender mirror, and above the tail lamp. Further, to prevent 
glare from being inflicted upon the driver of an oncoming vehicle, the cut line can be positioned 
also below the eye point of the driver of an oncoming vehicle and above the ground point of the 
front contour of the oncoming vehicle. 

(0079) 

(Effect of the Invention) 

As was explained above in the description of claim 1, because a borderline changing means is 
created, controlling the borderline so that it is positioned as a borderline between the illuminated 
region and the non-illuminated region in a position below the mirror, while recognizing the rear 
by the position of a mirror in a position created in the lowermost position of a preceding vehicle, 
or in the lowermost position of a preceding car, above the tail lamp, or in the position of the 
mirror, while recognizing the rear in the lowermost position of a preceding car, this makes it 
possible to expand the headlamp illumination range without causing glare for the driver of a 
preceding car, and the visibility in the forward direction of the driver of the car itself can be 
improved. 

(0080) In accordance with the explanation provided in the description of claim 2, because a 
means is created, controlling said borderline so that the borderline between the illuminated 
region and the non-illuminated region is created below the position of the eye point of the driver 
of an oncoming vehicle, and above the ground position of the front contour of an oncoming 
vehicle, or the eye point of the driver of an oncoming vehicle, the illumination range of the 
headlamp can be extended without inflicting glare upon the driver of an oncoming vehicle, 
enabling to improve the visibility in the forward direction of the driver of the car itself. 
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(Brief Explanation of Figures) 
(Figure 1) 

A perspective view of a vehicle seen from the front showing the front part of a vehicle 
using an embodiment of this invention. 

(Figure 2) 

A perspective view of the approximate construction of the headlamp compatible with this 
invention. 
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(Figure 3) 

A cross-sectional view indicating the approximate construction of a head lamp (line I - 1 
in Figure 2). 

(Figure 4) 

A block diagram showing the approximate construction of a control device. 
(Figure 5) 

An image diagram explaining the course during which a preceding vehicle is recognized 
based on image signal output with a TV camera filmed during daytime. 

(Figure 6) 

A flowchart explaining recognition routine for recognition of a preceding vehicle based 
on image signal of a TV camera filmed during daytime. 

(Figure 7) 

A flowchart explaining the main control routine in Embodiment 1 . 
(Figure 8) 

A flowchart explaining the control routine for recognition of a preceding vehicle in 
Embodiment 1. 

(Figure 9) 

23 



A diagram showing the window region during the white line recognition operation. 
(Figure 10) 

A diagram explaining white line recognition. 
(Figure 11) 

An image diagram explaining fluctuations of the vehicle recognition region according to 
the vehicle velocity. 

(Figure 12) 

A diagram explaining the relationship between the vehicle velocity in Embodiment 1 and 
the correction width (correction value) of the window region. 

(Figure 13) 

A diagram explaining the relationship between the extent of the right curve in the road 
and the gain determining the correction width on the right side of the window. 

(Figure 14) 

A diagram explaining the relationship between the extent of the right curve in the road 
and the gain determining the correction width on the left side of the window. 

(Figure 15) 

An image diagram showing the correction width and the window region pertaining to a 
curved road with a different radius of curvature. 

(Figure 16) 

An image diagram explaining displacement of the cut line by an actuator. 
(Figure 17) 

A diagram showing the relationship between the extent of the left curve in the road and 
the gain determining the correction width on the right side of the window. 

(Figure 18) 

A diagram showing the relationship between the extent of the left curve in the road and 
the gain determining the correction width on the left side of the window. 
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(Figure 19) 

A flowchart showing the light distribution control subroutine in Embodiment 1 . 
(Figure 20) 

A diagram explaining the relationship between the Y coordinate value in the image of the 
door mirror and the actuator control value DEG. 

(Figure 21) 

An image diagram providing supplementary explanation of the relationship between the 
cut line and the position of the door mirror on the left side. 

(Figure 22) 

A flow chart showing a control subroutine in Embodiment 2. 
(Figure 23) 

A flowchart showing a processing routine for setting of the vehicle recognition region for 
an oncoming vehicle in Embodiment 2. 

(Figure 24) 

A diagram showing the relationship between the vehicle velocity and the correction 
width (correction value) of the widow region. 

(Figure 25) 

A diagram showing the relationship between the extent of the left curve in the road and 
the gain determining the correction width on the right side of the window in Embodiment 2. 

(Figure 26) 

A diagram showing the relationship between the extent of the right curve in the road and 
the gain determining the correction width on the right side of the window in Embodiment 2. 

(Figure 27) 

An image diagram showing the vehicle recognition region for an oncoming vehicle in 
Embodiment 2. 

(Figure 28) 
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A flowchart showing the eye point detection subroutine in Embodiment 2. 
(Figure 29) 

An image diagram explaining the process of the recognition of an oncoming vehicle 
relating to Embodiment 2. 

(Figure 30) 

An image diagram showing an image of an oncoming vehicle filmed during rainy 
weather, etc., and a bright region due to the headlamp. 

(Figure 31) 

A flowchart explaining a subroutine for light distribution in Embodiment 2. 
(Figure 32) 

Figure 32 (a) is a diagram showing the distance between the tail lamp edges of a 
preceding car and the distance from the tail lamp to the door mirror, Figure 32 (b) is a diagram 
showing the relationship between the distance of the headlamp edges of an oncoming vehicle 
and the eye point. 

(Explanation of Symbols) 

18, 20 headlamps 

40, 42 actuators 

22 TV camera 

48 image processing device 

50 control device 

66 vehicle velocity sensor 

1 00 car travel detection device 



Figure 2 

40, 42 actuators 
Figure 3 
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Figure 1 

18, 29 headlamps 
22 TV camera 

Figure 7 

START 

200 preceding vehicle recognition 
300 light distribution control 
END 



Figure 4 

48 image processing device 

58 input port 

60 output port 

64 driver 

48 signal processing device 

50 control device 

66 vehicle velocity sensor 

1 00 car travel detection device 

Figure 5 

(5) integral value 
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Figure 6 

(A) START 

6 1 0 setting for the vehicle recognition region 

(lane detection) 
620 preceding vehicle recognition processing 
630 cruise control 

(B) END 



Figure 9 
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Figure 10 



Figure 1 1 

(3) low speed 

(4) high speed 



Figure 12 

(5) correction amount 

(6) vehicle velocity V 



Figure 13 

(1) gain 

(2) displacement A 



Figure 14 

(10) gain 

(11) displacement A 



Figure 15 

(12) large right curve curvature radius 

(13) <x L : large 

(14) small right curve curvature radius 

(15) oc R : large 

(16) a L : large 

(17) a R : large 



Figure 17 

(7) gain GR 

(8) (for right curve) 

(9) displacement amount A 

Figure 18 



(19) gainGL 

(20) displacement A 



Figure 20 

(21) control value 



Figure 24 

(22) correction amount 

(23) vehicle velocity V 
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Figure 8 

START 

202 setting for white line detection window 

204 edge detection 

206 straight line approximation (Hough transform) 

208 the extent of the curve in the road is calculated 

212 the velocity V of the car itself is read 

214 the window correction width is read 

216 the vehicle recognition region is read 

220 the velocity V of the car itself is read 

222 the correction value is read 

224 the correction gain is read 

226 the window correction width is calculated 

228 the vehicle recognition region is set 

230 the vehicle velocity V is read 

232 the correction value is read 

234 the correction gain is read 

236 the window correction width is calculated 

238 the vehicle recognition region is set 

240 preceding car recognition 

242 tail lamp position detection 

244 calculation 

246 calculation 
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248 calculation 
END 



Figure 19 

START 

302 DEG L is set based on Ym 
304 calculation 
306 calculation 
308 DEG R is set based on Ym' 
310 actuators are controlled based on DEG L , DEG R 
END 



Figure 22 

START 

400 oncoming vehicle recognition zone setting 
500 driver eye point detection 
600 light distribution control 
END 



Figure 25 

[left axis] gain G R 
[right axis] displacement A 



Figure 26 

[left axis] 
[right axis] 
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gain G L 

displacement A 



Figure 16 

(1) according to 42 

(2) non-illuminated region 

(3) according to 40 



30 



(4) illumination 

(5) region 

(6) center 



Figure 21 
(7) center 
Figure 23 

START 

402 preceding car recognition 
404 the extent of the curve in the road is read 
408 vehicle velocity V of the car itself is read 
410 the window correction width is read 
412 the vehicle recognition region is set 

416 the vehicle velocity V of the car itself is read 

418 the correction value is read 

420 the correction gain is read 

422 the window correction width is calculated 

424 the car recognition region is set 

426 the vehicle velocity V of the car itself is read 
428 the correction value is read 
430 the correction gain is read 
432 the window correction width is read 
434 the vehicle recognition region is set 
END 
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Figure 29 
Figure 28 

START 

504 binary system of the input image is created 

505 irregularities are eliminated 
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508 labeling 

5 1 0 center of gravity and surface area are calculated 

512 oncoming vehicle line candidates are detected 

514 oncoming vehicle determination 

5 1 6 headlamp edge position detection 

5 1 8 calculation 

520 calculation 

522 Y coordinate value Y b of the tire setting position is detected 

524 calculation 
END 
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Figure 30 
Figure 3 1 

START 

602 DEG L is set based on Yn 
604 calculation 
606 calculation 
608 DEG R is set based on Yn' 
6 1 0 actuator control based on DEG L , DEG R 
END 
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VERIFICATION OF A TRANSLATION 



I, the below named translator, hereby declare that: 
My name and post office address are as stated below: 

Stephen V. Vitek, 1204 False Creek Way, Chesapeake, VA 23322 

That I am knowledgeable in the English language and in the 
language in which the below identified international document was written, and 
that I believe the English translation of the attached document: 
Japanese Unexamined Patent Application No. 7-32936, "HEADLIGHT 
ILLUMINATION RANGE CONTROLLING DEVICE", patent applicant Toyota 
Motor Corporation 

is a true and complete translation of the above identified document. 



ail statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the document. 
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Stephen V. Vitek 
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